Sports medicine physicians are frequently relied on to make return-to-play (RTP) decisions for sports-related conditions and injuries. Many of these are musculoskeletal injuries that sports clinicians are well trained for, regularly encounter, are not life threatening, and feel comfortable managing. In addition, many orthopaedic as well as medical conditions have identifiable resources, such as the American College of Sports Medicine Team Physician Consensus Statement series, the Preparticipation 4th Edition Monograph, and the Bethesda Conference Guidelines,^[@bibr28-1941738115617453]^ to assist the sports medicine provider with prudent RTP decisions. Occasionally, however, sports medicine clinicians are challenged with complex medical conditions for which there is little evidence-based guidance, and physicians are instructed to individualize treatment; included in this group of conditions are exertional heat stroke (EHS), exertional rhabdomyolysis (ER), and exertional collapse associated with sickle cell trait (ECAST). These entities are unique in that they may cause organ system damage capable of leading to short- or long-term detriments to physical activity and may not lend to complete recovery, potentially putting the athlete at risk with premature RTP.

Evidence-Based Return-to-Play Decision Making {#section7-1941738115617453}
=============================================

Return-to-play decisions are the hallmark of a team physician's clinical work.^[@bibr5-1941738115617453],[@bibr8-1941738115617453]^ Ideally, the RTP decision would be directed by high-quality, patient-oriented evidence. However, there are many situations where the evidence is sparse or lacking and a general framework must be used to guide RTP decisions. The framework should consist of medical factors and sport-specific risk factors/modifiers and include elements that may modify decision making.^[@bibr29-1941738115617453]^ Ultimately, each RTP decision must be individualized based on the specific facts and circumstances; however, there are some absolutes that must be satisfied before RTP is considered. First, near normalization of anatomic/physiological deficits, which may manifest as normalization of laboratory results or diagnostic testing or return of range of motion and strength in the affected limb, must be obtained. Second, the athlete must be psychologically ready for return to sporting activity. Third, sport-specific skills must be restored with or without equipment modification, orthosis, or bracing. Finally, risks to the athlete and other competitor must be appropriately mitigated so that return to sport does not pose an undue risk to the athlete or others.^[@bibr23-1941738115617453]^ This process should be one of open communication between the athlete, physician, athletic trainer, parents, and others with a significant stake in the athlete's return. When in doubt, it is best to make conservative decisions, keeping the athlete's safety at the forefront. As demonstrated in subsequent discussions on EHS, ER, and ECAST, the assessment of normalization of anatomic/physiological deficits as well as the challenge of psychologic readiness for RTP become challenges for both the team physician and the athlete.

Exertional Heat Stroke {#section8-1941738115617453}
======================

Exertional heat stroke is defined as a multisystem illness characterized by central nervous system, organ, and tissue dysfunction or injury associated with high body temperature (generally \>104°F \[40°C\]) at the time of injury from strenuous exercise and/or environmental heat exposure.^[@bibr38-1941738115617453]^ Profound manifestations of exertional heat stroke are the result of a systemic inflammatory response that propagates the syndrome of multiorgan dysfunction.^[@bibr7-1941738115617453]^ EHS occurs when the temperature regulation system is overwhelmed due to excessive endogenous heat production or inhibited heat loss and the body is no longer able to compensate and balance the heat load. Signs and symptoms include hyperthermia, tachycardia, hypotension, sweating, hyperventilation, altered mental status, vomiting, diarrhea, seizures, or coma.^[@bibr6-1941738115617453]^ This multiorgan injury results from complex interplay between the cytotoxic effect of the heat and the inflammatory and coagulation responses of the subject, and again may lead to profound multiorgan dysfunction, and in some cases, death. Frequently encountered medical complications of EHS include acute respiratory distress syndrome, disseminated intravascular coagulation, shock, rhabdomyolysis, renal failure, cerebral edema, seizures, and hepatic dysfunction.^[@bibr7-1941738115617453]^ The risk of mortality and morbidity increases the longer an athlete's body is above 41°C but can be significantly reduced if the body temperature is lowered rapidly.^[@bibr10-1941738115617453]^

The current evidence supports cold water immersion as the gold standard of cooling for an EHS victim.^[@bibr10-1941738115617453]^ Although there is some debate as to what the optimal water temperature is for immersion, cold water immersion provides superior cooling rates compared with other cooling modalities such as ice-wet towels, ice packs over major arteries, or fanning.^[@bibr30-1941738115617453]^ The most important factor in the treatment of EHS is the timeliness of rapid cooling, preferably performed on site by whatever means available. If rapid cooling can occur within 30 minutes from time of collapse ("the golden half hour"), the fatality rate approaches zero.^[@bibr11-1941738115617453],[@bibr12-1941738115617453]^ Therefore, it is imperative that cooling start immediately and not be delayed for transport to the hospital: "cool first, transport second."^[@bibr10-1941738115617453]^

Compensation to Heat Stress and Thermotolerance {#section9-1941738115617453}
-----------------------------------------------

Although it has been hypothesized that previous heat illness predisposes to residual heat intolerance and an increased individual risk for recurrent heat illness, studies have not yielded a consistent conclusion.^[@bibr34-1941738115617453]^ Heat intolerance can be present as early as 3 weeks postinjury and may persist as long as 5 years postepisode.^[@bibr30-1941738115617453]^ This variability in heat intolerance may be due to inherent unique characteristics of the individual subject, which may include specific genetic mutations or myopathies ([Table 1](#table1-1941738115617453){ref-type="table"}).^[@bibr35-1941738115617453]^ Importantly, the lack of demonstrated recovery of heat tolerance may predispose an athlete returning to play prematurely to a second heat injury, potentially with significant consequence. Because of the serious, possibly life-threatening nature of a heat injury and the variable duration of heat intolerance, an objective measure of the ability to tolerate heat would be appealing before facilitating athletic RTP.

###### 

Factors associated with heat intolerance in young active persons^[*a*](#table-fn1-1941738115617453){ref-type="table-fn"}^

![](10.1177_1941738115617453-table1)

  ------------ ----------------------------------------
  Functional   Low fitness
               Poor acclimatization
               Poor work efficiency
               Decreased skin area to body mass ratio
  Acquired     Dysfunctional sweat glands
               Dehydration
               Infection
               History of heat stroke
               Medications/supplements
  Congenital   Ectodermal dysplasia
               "Chronic idiopathic anhidrosis"
  ------------ ----------------------------------------

Adapted from Epstein.^[@bibr18-1941738115617453]^

Return to Play {#section10-1941738115617453}
--------------

Healing from EHS and heat injury is clearly related to the duration of core temperature elevation above the critical level (approximately 104°F or 40°C): The longer a patient's core temperature remains above this level, the greater the risk of severe morbidity and mortality and the longer the period needed for recovery. Knowledge of the precipitants of the EHS event (eg, infection, lack of acclimatization) as well as details of on-site and hospital treatment, if applicable, are key historical factors that help in guiding RTP.

Current research suggests that most individuals recover in a few weeks, especially those who were treated promptly and correctly.^[@bibr30-1941738115617453]^ However, some athletes will experience long-term complications involving multiple organ systems, including the neurological system, as well as persistent heat intolerance.^[@bibr31-1941738115617453],[@bibr44-1941738115617453]^ Definitive high-level evidence-based guidelines regarding RTP do not presently exist. The American College of Sports Medicine's 2007 position stand recommended 1 possible RTP protocol ([Table 2](#table2-1941738115617453){ref-type="table"}), which gradually progresses the athlete back to activity once symptoms and laboratory values have normalized.^[@bibr4-1941738115617453]^

###### 

RTP after EHS protocol^[a](#table-fn3-1941738115617453){ref-type="table-fn"}^

![](10.1177_1941738115617453-table2)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  • No exercise permitted for at least 7 days after release from medical care.
  • Follow-up with the medical team approximately 1 week after release for physical examination and any necessary laboratory testing and diagnostic imaging based on the organs affected during the EHS episode.
  • Once cleared for a return to activity, the athlete begins exercise in a cool environment and gradually increases the duration, intensity, and heat exposure over 2 weeks to demonstrate heat tolerance and initiate acclimatization.
  • Athletes who cannot resume vigorous activity over 4 weeks because of recurrent symptoms (eg, excessive fatigue) should be reevaluated. Laboratory exercise-heat tolerance testing may be useful in this setting.
  • The athlete may resume full competition once he or she is able to participate in full training in the heat for 2 to 4 weeks without adverse effects.
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EHS, exertional heat stroke; RTP, return to play.

Modified from Armstrong et al.^[@bibr4-1941738115617453]^

Any guidelines used to determine the approach and time frame for an athlete's recovery must be modified based on the severity of illness. At a minimum, athletes should not return to any physical activity until they are symptom free and all laboratory values have returned to their baseline levels.^[@bibr4-1941738115617453]^ A major challenge in RTP decision making is determining when exercise-heat tolerance deficit, neurological, or psychological impairments have corrected. Neuropsychological testing batteries similar to those used postconcussion to assess for neuropsychological return to normal have been utilized.^[@bibr38-1941738115617453]^ After the determination of recovery from the heat event, a gradual cautious reintroduction of physical activity may ensue to ensure full acclimation and a return to adequate fitness.^[@bibr30-1941738115617453]^ Those who do not "clear" within an appropriate time frame deserve further evaluation, which may include heat tolerance testing (HTT) or genetic/muscle testing.^[@bibr37-1941738115617453]^

Heat Tolerance Testing {#section11-1941738115617453}
----------------------

Currently, there is no standard that requires HTT prior to RTP and there is no universal protocol. The test must last at least 90 minutes and include heat exposure within the protocol.^[@bibr34-1941738115617453],[@bibr44-1941738115617453]^

The Israeli Defense Forces (IDF) has been at the forefront of research and implementation of HTT prior to returning their soldiers to duty.^[@bibr19-1941738115617453]^ The IDF protocol consists of walking for 2 hours at 5 km/h (3.1 miles/h) with a 2% incline in an environmental chamber set at 40°C (104°F) and 40% relative humidity.^[@bibr33-1941738115617453]^ Subjects are asked to avoid medication, alcohol, tobacco, and caffeine prior to the test and are advised to be well rested and hydrated. Rectal temperature and heart rate are monitored during the test. Those whose core temperatures rise above 38.5°C and/or heart rate above 150 beats per minute are classified as heat intolerant. Tolerant subjects will demonstrate an initial rise in temperature and heart rate; however, these measures will plateau during the course of the test. Those who are intolerant will not achieve a plateau in these measures. Furthermore, a physiological strain index may be calculated, which is measured by weighted changes in core temperature and heart rate relative to those prior to the test.^[@bibr33-1941738115617453]^

Heat tolerance testing in RTP decision making after a heat injury is controversial.^[@bibr38-1941738115617453]^ In most settings, HTT should only be considered for those athletes who are unable to return to vigorous activity after a period of recovery and acclimation (typically 4 weeks) or those who have had multiple episodes of EHS.^[@bibr4-1941738115617453]^ If HTT is performed, it should occur approximately 1 month after the EHS event as long as clinical and laboratory indicators have normalized.^[@bibr33-1941738115617453]^ The HTT is normal in about 90% of cases, and the athlete may RTP.^[@bibr19-1941738115617453]^ If there is an abnormal response without apparent cause, it is then common to repeat the test in another 4 to 8 weeks (which is met with another positive test less than 2% of the time) to refute or support the diagnosis of heat intolerance.^[@bibr44-1941738115617453]^ EHS possibly results with heat intolerance of a short duration, intersubject variability may exist in recovery time of the thermoregulatory system, and the IDF HTT protocol is highly sensitive.^[@bibr34-1941738115617453]^

Exertional Rhabdomyolysis {#section12-1941738115617453}
=========================

Rhabdomyolysis can be defined as the breakdown of striated muscle fibers due to mechanical and metabolic insults that result in the release of muscle contents into circulation.^[@bibr39-1941738115617453]^ ER can represent a pathological condition when muscle breakdown occurs after normal exercise and produces metabolic consequences that may include acute kidney injury, compartment syndrome, or even death.^[@bibr39-1941738115617453]^ ER typically occurs in response to excessive, prolonged, or repetitive exercise; in addition, eccentric exercise appears to be more problematic.^[@bibr39-1941738115617453]^

There can be a cascade of events that lead to ER, such as physical injury of muscle, accelerated muscle metabolism due to substances (eg, drugs, supplements) or underlying metabolic myopathies, hemoglobinopathies, and/or hyperthermia.^[@bibr46-1941738115617453]^ These insults decrease intracellular adenosine triphosphate, which then leads to an increase in calcium in the sarcoplasm, which is coupled with a decrease in extracellular calcium and resultant hypocalcemia.^[@bibr39-1941738115617453]^ The breakdown of muscle fibers releases the intracellular myocyte contents into the circulation: myoglobin, potassium, creatine kinase (CK), free radicals, and organic acids.^[@bibr39-1941738115617453]^ These intramuscular components contribute directly to the disease process of ER.^[@bibr39-1941738115617453]^ Myoglobin can overload the kidney resulting in acute kidney injury, while organic acids lead to metabolic acidosis, and potassium or other electrolyte abnormalities can predispose to cardiac arrhythmias. Finally, free radicals may contribute to tissue edema, increasing the risk of compartment syndrome.^[@bibr46-1941738115617453]^ The severity of the disease is directly related to the amount of muscle breakdown that occurs.

In physiologic ER, the patient will develop an elevated CK but no other clinically significant signs or symptoms; while the athlete may have minimal muscle pain, the ER usually resolves without clinical sequelae.^[@bibr46-1941738115617453]^ ER becomes clinically significant when there is severe muscle pain, swelling, or weakness as well as myoglobinuria and other metabolic consequences as mentioned. Risk factors for significant ER after excessive muscle exertion include dehydration, any medications or supplements that increase metabolism, alcohol, underlying myopathies, and excessive environmental heat exposure.^[@bibr37-1941738115617453]^ Sickle cell trait has a unique relationship with ER and can result in a fulminant presentation.^[@bibr45-1941738115617453]^ While physiologic ER presents with minimal muscle pain, significant ER patients will typically present with pain out of proportion with what would be expected and with dark (red, tea-, or cola-colored) urine. Although some would classify significant ER as any rhabdomyolysis with a serum CK level greater than 5 times the upper limit of normal, all athletes are different and there is not a true CK level, which indicates significant ER.^[@bibr46-1941738115617453]^ Individual baseline CK levels may vary with ethnicity, sex, and level of physical fitness, and these factors must be taken into account when utilizing CK levels to diagnose ER or recovery from ER.^[@bibr26-1941738115617453]^ The presence of myoglobinuria after exertion confirms pathologic ER.

The treatment for ER includes rest, aggressive hydration (usually with intravenous fluids), and monitoring for metabolic consequences (such as renal failure and electrolyte abnormalities) as well as the development of compartment syndrome. Because of the association between significant ER and hyperkalemia, an initial electrocardiogram is needed and cardiac monitoring utilized.^[@bibr39-1941738115617453]^ Fulminant cases of ER complicated by significant acute kidney injury and related metabolic consequences may require dialysis. A second spike of CK during hospitalization may indicate occult compartment syndrome.^[@bibr39-1941738115617453]^ For those who respond appropriately to hydration and rest without other complications from ER, activities can usually be resumed at a low level after resolution of symptoms.

Return to Play {#section13-1941738115617453}
--------------

Several issues must be addressed after an athlete recovers from ER before RTP decision making. First, is the athlete at risk for recurrence, and do they require further evaluation? Second, for those athletes not requiring further evaluation, when can they safely return to sport? And third, should any restrictions be placed on the athlete, and if so, for how long?

There is no clear evidence-based consensus on assessing those individuals at risk for recurrent events. The military demonstrated that long-term follow-up of Air Force recruits who had sustained an ER event in training had a very low risk of a subsequent event.^[@bibr2-1941738115617453]^ The USUHS (Uniformed Services University of the Health Sciences) Consortium for Health and Military Performance (CHAMP), in conjunction with the Heller Institute of the Israeli Defense Force, compiled a consensus guideline to identify those at potential high risk who warrant a more detailed evaluation ([Table 3](#table3-1941738115617453){ref-type="table"}).^[@bibr37-1941738115617453]^ Low-risk cases of ER can begin a gradual RTP protocol ([Table 4](#table4-1941738115617453){ref-type="table"}). High-risk cases (or those with a high risk of recurrence) may require further evaluation ([Figure 1](#fig1-1941738115617453){ref-type="fig"}).

###### 

Risk stratification for exertional rhabdomyolysis^[*a*](#table-fn5-1941738115617453){ref-type="table-fn"}^

![](10.1177_1941738115617453-table3)

  --------------------------------------------------------------------------------------------------------------------
  Suspicious for high-risk ER:

  a. Delayed recovery (\>1 week) despite rest\
  b. Persistent elevation[\*](#table-fn6-1941738115617453){ref-type="table-fn"} of CK despite at least 2 weeks rest\
  c. ER complicated by acute renal injury\
  d. Personal or family history of myopathy, recurrent muscle cramps, or significant ER\
  e. Personal history of sickle cell trait (or family history of sickle cell disease)\
  f.  Personal or family history of malignant hyperthermia or unexplained complications after general anesthesia

  Low-risk athletes must have none of the high-risk conditions and at least 1 of the following:

  a. Rapid clinical recovery and CK/urine normalization after exercise restrictions\
  b. Sufficient fitness with a history of a very intense exercise bout preceding the ER\
  c. No personal or family history of myopathy, recurrent muscle cramps, or significant ER\
  d. Other cases (group or team related) of ER from same exercise sessions\
  e. Concomitant viral illness or infectious disease\
  f.   Dietary supplements or medications that could contribute to ER
  --------------------------------------------------------------------------------------------------------------------

CK, creatine kinase; ER, exertional rhabdomyolysis.

Adapted from O'Connor et al.^[@bibr37-1941738115617453]^

greater than 5 times the upper limit of the normal lab range.

###### 

Return-to-play guidelines for exertional rhabdomyolysis---low risk^[*a*](#table-fn8-1941738115617453){ref-type="table-fn"}^

![](10.1177_1941738115617453-table4)

  -----------------------------------------------------------------------------------------
  Phase 1:

  • 72 hours rest and oral hydration\
  • Encourage a minimum of 8 hours of sleep nightly\
  • Remove from hot environment

  At 72 hours:

  • If CK \< 5× upper limit of normal AND urine has cleared, move to phase 2\
  • If CK or urine is still abnormal at 72 hours, follow-up every 72 hours until cleared\
  • If CK or urine is still abnormal at 2 weeks, seek expert consultation

  Phase 2:

  • Begin light activities at own pace and distance × 1 week\
  • If no symptoms, move to phase 3\
  • If symptoms persist for 4 weeks, seek expert consultation

  Phase 3:

  • Gradual return to sporting activities\
  • Follow-up only as needed
  -----------------------------------------------------------------------------------------

CK, creatine kinase.

Adapted from O'Connor et al.^[@bibr37-1941738115617453]^

![Evaluation of patient with exertional rhabdomyolysis for return to play.](10.1177_1941738115617453-fig1){#fig1-1941738115617453}

Once a patient has been identified as high risk, an exercise intolerance mutation profile, which screens for specific mutations in genes that encode for carnitine palmitoyltransferase II, myophosphorylase, and myoadenylate deaminase, is needed.^[@bibr35-1941738115617453]^ It is less invasive than a muscle biopsy and may indicate metabolic myopathies.^[@bibr35-1941738115617453]^ An alternative functional test to screen for metabolic disorders is the modified forearm ischemic exercise test.^[@bibr47-1941738115617453]^ In select cases, however, a muscle biopsy may be required to further evaluate for myopathic etiologies.^[@bibr47-1941738115617453]^

Because of the association between ER, EHS, and malignant hyperthermia (MH), it may be important to rule out heat intolerance or MH susceptibility as causative factors if clinically indicated. MH is an uncommon, autosomal, dominantly inherited disorder of calcium handling in skeletal muscle, mainly caused by mutations in the gene coding for the type 1 ryanodine receptor (RyR1), which functions to regulate the release of calcium from the sarcoplasmic reticulum.^[@bibr9-1941738115617453]^ MH is typically asymptomatic unless unmasked by exposure to volatile inhaled anesthetics or succinylcholine.^[@bibr35-1941738115617453]^ MH results in a hypercatabolic state associated with muscle breakdown secondary to calcium dysregulation similar to that seen in ER.^[@bibr35-1941738115617453]^ Heat intolerance can be assessed with the HTT while MH susceptibility can be done utilizing a caffeine-halothane contracture test (CHCT).^[@bibr22-1941738115617453]^ Finally, genetic testing may evaluate for exercise intolerance mutations, which would predispose to more severe ER.^[@bibr14-1941738115617453]^ The great majority of ER cases will not require advanced testing after risk stratification.

The high-risk workup may lead to a specific diagnosis or risk factor that then can be managed and mitigated.^[@bibr46-1941738115617453]^ In high-risk cases where no diagnosis, risk factor, or mechanism is identified, RTP decisions should be made in open communication between the athlete and physician. Careful attention should be paid to known risk factors (eg, supplements, infection, exercise, and environmental acclimatization).

Fortunately, the majority of patients who develop ER will have none of the aforementioned disorders identified and may return gradually to normal activity after proper treatment and clinical recovery.^[@bibr46-1941738115617453]^ Nevertheless, some cases may result from inherent predisposition.^[@bibr39-1941738115617453]^

Exercise-Associated Sickle Cell Collapse {#section14-1941738115617453}
========================================

Hemoglobinopathies are the most common genetic disease, affecting approximately 5% of the world's population.^[@bibr40-1941738115617453]^ Approximately 300 million people worldwide and nearly 9% of African Americans in the United States (almost 3 million people) carry the sickle cell trait (SCT).^[@bibr20-1941738115617453],[@bibr24-1941738115617453]^ SCT is diagnosed using the "sickledex" solubility test.^[@bibr24-1941738115617453]^ However, the "sickledex" serves mainly as a first-line test; confirmation requires hemoglobin electrophoresis or another quantification method.^[@bibr24-1941738115617453]^

Sickle cell trait is largely benign but associated with hematuria, renal papillary necrosis, and splenic infarction.^[@bibr16-1941738115617453]^ SCT is clearly associated with an increased relative risk of exercise-related sudden death in the military and athletes.^[@bibr21-1941738115617453],[@bibr25-1941738115617453],[@bibr48-1941738115617453]^ In college athletes and military personnel with SCT, the risk of exercise-related death is about 40 times greater than those without SCT; however, the absolute risk of death is still very small.^[@bibr21-1941738115617453],[@bibr25-1941738115617453]^

The mechanism of collapse and exertional death with SCT remains controversial. Exertional sickling may occur with profound lactic acidosis, extreme muscle hypoxia, hyperthermia, and dehydration.^[@bibr27-1941738115617453]^ An exertional surge in epinephrine may make SCT cells "sticky" and occlude the microcirculation in working muscles.^[@bibr17-1941738115617453],[@bibr32-1941738115617453]^

The sickle gene has 4 main haplotypes representing different geographic mutation origins: the Asian (India or Saudi Arabia), Benin (central West Africa), Senegal (West Africa above Niger River), and the Bantu (central and south central Africa). Bantu is the most severe, and the Senegal associated the mildest.^[@bibr41-1941738115617453],[@bibr42-1941738115617453]^ Genetic variations may confer increased risk or perhaps protection against ECAST events.^[@bibr1-1941738115617453]^

Most cases of ECAST have occurred in preseason conditioning, on day 1 of summer camp, or after coming back from a vacation or injury.^[@bibr3-1941738115617453],[@bibr45-1941738115617453]^ Attempts to run a given distance in a given time, compounded by a previous ER event or other musculoskeletal stressor, may "stack" subclinical sickling events, which may lower the threshold for fatal ECAST.^[@bibr43-1941738115617453]^ The ability of SCT carriers to perform repeated short bouts of anaerobic predominant exercise with limited recovery time may be lower than non-SCT carriers.^[@bibr13-1941738115617453]^

The initial presentation of sickle collapse is often confused with heat cramping, heat exhaustion, or heat stroke.^[@bibr15-1941738115617453]^ Unlike heat stroke, sickle collapse often occurs early in a workout in which an athlete's core temperature would not have had time to rise. Furthermore, ECAST can be characterized as a "conscious collapse," which may help differentiate this collapse from an acute cardiac event or EHS ([Table 5](#table5-1941738115617453){ref-type="table"}). The most telling symptom of sickle collapse is increasing pain and weakness in muscles, especially the legs, buttocks, and low back.^[@bibr15-1941738115617453]^ Early recognition of ECAST is critical for athlete survival, and emergency department physicians should be alerted to the possibility of explosive rhabdomyolysis.^[@bibr16-1941738115617453]^ Treatment includes immediate hospital transfer for aggressive fluid and electrolyte management, as well as cardiac monitoring ([Figure 2](#fig2-1941738115617453){ref-type="fig"}).

###### 

General features of nontraumatic on-field collapse^[*a*](#table-fn10-1941738115617453){ref-type="table-fn"}^

![](10.1177_1941738115617453-table5)

  ECAST                       EHS                         Acute Cardiac Event         Asthma/Respiratory Collapse
  --------------------------- --------------------------- --------------------------- --------------------------------------
  Conscious, can talk         Altered mental status       Unconscious                 Breathless, anxious
  Slumps to ground            Bizarre behavior            Sudden collapse             Prior episodes
  Temperature \<103°F         Temperature \>104°F         Often normothermic          Auscultate, poor air movement
  May have cramping muscles   May have cramping muscles   Muscles normal              Excessive use of respiratory muscles
  No seizure activity         May have seizure activity   May have seizure activity   May have seizure activity
  Occurs early in practice    Occurs late in practice     No warning                  Usually after high intensity

ECAST, exertional collapse associated with sickle cell trait; EHS, exertional heat stroke.

Adapted from Eichner.^[@bibr16-1941738115617453]^

![Recommendations for treating exertional collapse associated with sickle cell trait events. AED, automated external defibrillator, CPR, cardiopulmonary resuscitation; ECAST, exertional collapse associated with sickle cell trait; EMS, emergency medical services; ER, emergency room; IV, intravenous; RTP, return to play.](10.1177_1941738115617453-fig2){#fig2-1941738115617453}

The prevention of ECAST events centers on addressing known triggers; adherence to heat, hydration, and exercise acclimatization practices is recommended for those with SCT.^[@bibr36-1941738115617453]^ Individuals with SCT as well as trainers and medical professionals should know and understand their SCT status. Currently, the National Collegiate Athletic Association (NCAA) as well as the Navy and Air Force mandates testing for SCT^[@bibr36-1941738115617453]^; individual athletes can waive testing.

Return to Play {#section15-1941738115617453}
--------------

There are no evidence-based RTP guidelines after an episode of ECAST. However, RTP should not be considered until the athlete is asymptomatic at rest and has normal end-organ function ([Table 6](#table6-1941738115617453){ref-type="table"}). All RTP decisions with ECAST need to be individualized to the specific needs and risks of the athlete. Further, before any RTP decision making, a discussion with the athlete about risk mitigation strategies and risk of recurrence should occur ([Table 7](#table7-1941738115617453){ref-type="table"}). Graded RTP programs with close supervision are recommended.

###### 

Return-to-play guidelines after ECAST^[*a*](#table-fn12-1941738115617453){ref-type="table-fn"}^

![](10.1177_1941738115617453-table6)

  --------------------------------------------------------------------------------------------------------------------------------------------------------
  • Athlete must be asymptomatic at rest and have normal end-organ function
  • Detailed medical history to try to identify comorbidities, medication or supplement use, environmental factors, and possible family history of ECAST
  • Supervised (athletic trainer or physician) graded return to sports activities
  • Education to athlete and medical staff on importance of hydration, caution during periods of high environmental temperature, or altitude
  --------------------------------------------------------------------------------------------------------------------------------------------------------

ECAST, exertional collapse associated with sickle cell trait.

Adapted from O'Connor et al.^[@bibr36-1941738115617453]^

###### 

Strategies for mitigating risk in the athlete^[*a*](#table-fn14-1941738115617453){ref-type="table-fn"}^

![](10.1177_1941738115617453-table7)

  ----------------------------------------------------------------------------------------------------------------------------------------------
  • Emphasize the importance of year-round conditioning and not arriving to training camp "out of shape"
  • Focus early season training and conditioning on the progressive establishment of an aerobic base and on heat (or altitude) acclimatization
  • Gradual training progression and longer rest/recovery between repetitions or intervals
  • Avoid timed runs, repeated intervals, or conditioning tests early in the training cycle
  • Decrease total volume and intensity of activity during hot/humid conditions
  • Stop activity immediately if muscle pain or cramping develop
  • Report symptoms immediately to medical staff
  • Consume fluids at regular intervals before, during, and after activity
  • Educate athletes on conditions that increase risk for ECAST (heat, altitude, dehydration, illness, supplements, other medications)
  • Ensure site-specific emergency action plan specific for ECAST exists
  ----------------------------------------------------------------------------------------------------------------------------------------------

ECAST, exertional collapse associated with sickle cell trait.

Adapted from O'Connor et al.^[@bibr36-1941738115617453]^

Conclusion {#section16-1941738115617453}
==========

While the prevalence of EHS, ER, and ECAST is low, these events still occur and challenge the sports medicine clinician with RTP decision making, challenged by a relative lack of evidence regarding natural course of disease, risk of recurrence, and guidance for return.
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